triage of critically ill patients and provide a quantitative assessment of the degree of severity to provide a more realistic expectation of the patient's outcome. Their treatment outcome is not only dependant on the performance of individual surgeon but also on the acute and chronic physiological status of the patient, severity of his current illness, nature and extent of surgical intervention and co-morbid conditions. Scoring systems that group patients based on the severity of illness at an early stage can allow a meaningful analysis of morbidity and mortality rates. Risk-adjusted comparisons can then be made between surgeons and hospitals to identify different standards of care and to allocate adequate resources.
POSSUM was developed by Copeland from a cohort of 1372 patients in 1991 for surgical audits. The P-POSSUM (Portsmouth) uses different equation, which provides a better fit to the observed mortality rate. It was proposed as a risk adjusted scoring system to allow for direct comparison between the observed and expected adverse outcome rates. 3 It is composed of 18 components: 12 physiological and 6 operative variables. Each factor is scored against a 4graded score value, which the individual sum of physiological and operative severity scores were used to predict 30 days post-operative morbidity and mortality using equations derived from logistic regression analysis.
Hence, there is a need to test the validity of P-POSSUM scoring system in our population, where malnourishment is a common problem, presentation frequently delayed and resources limited, all of which can influence the patient's complication rate, even with adequate quality of care provided. This study was undertaken to assess the validity of P-POSSUM scoring system in patients undergoing emergency laparotomy in our setup and try to analyse the causes for poor outcome in high-risk groups.
METHODS

Source of data
100 cases (70 Emergency and 30 elective laparotomy) meeting the inclusion and exclusion criteria, admitted in the Department of Surgery, Rabindranath Tagore Medical College, Udaipur.
Type of study and study period
A prospective study with 30 day post-operative follows up of each patient. The study period was from January 2017 to October 2018.
Method of data collection
Patients were informed regarding the aims and objectives of the study and a detailed informed written consent were taken prior to inclusion in this study. All the patients had their physiological scores recorded as close to the time of operation as possible i.e. the last recorded values before the patient entered the anaesthetic room. An operative severity score were calculated based on the intraoperative findings recorded by the operating surgeon.
Inclusion criteria
Inclusion criteria were all patients undergoing laparotomy; patient who presented within 72 hours of initial onset of symptoms who were operated within 24 hrs of initial presentation and who died in index hospital admission within 30 days.
Exclusion criteria
Exclusion criteria were patients with significant immunosuppressant conditions (patients who are HIV positive and those on immunosuppressive drugs / anti cancer chemotherapeutic drugs); patient who underwent damage control surgery; patients admitted with Blunt trauma abdomen / Stab injury.
Equation
Log e (R/1-R) = -9.065 + (0.1692 × PS) + (0.1550 × OS) Where, R = risk of mortality, PS = physiological score, OS = operative score.
Data recording and statistical analysis
Data collected via Performa. Complications on 1st, 3rd, 5th, 7th and 30th post-op days for morbidity and mortality were noted.
The expected mortality rate was obtained using linear regression analysis and the O: E ratio was calculated.
Using outcome (dead / alive or complication / no complication) as a dichotomous dependent comparison between predicted and observed rates of morbidity and mortality was assessed using χ2 test and statistical significance was determined.
The differences in quantitative variables between groups were assessed by means of the unpaired t test. A p<0.05 using a two-tailed test was taken as being of significance for all statistical tests.
Logistic regression analysis was used to assess the mortality and morbidity variables.
Rate of increment in deaths for each risk factor was calculated based on the hypothesis that deaths were linearly related with the score for each of the studied risk factors and 't' test was applied to validate this hypothesis.
Practical applicability of P-POSSUM
Applications (iOS -Possum by Kenrick Turneran, Android -P-Possum by JT Binary) or http://www.riskprediction.org.uk/index-pp.php.
RESULTS
The test group contained emergency cases who were divided into patients who were able to resuscitated 52 (52%) and patients who were not able to be resuscitated 18 (18%) before operation. The elective group were taken as controls who were 30 (30%) in number. More than 71 percent of our patients were males, with a Male: Female ratio was 2.4:1. The patients ranged from 14 years to 80 years. There were a greater number of patients in the age group between 60-70 years in emergency group compared to elective 18 vs. 5. In total nearly 47% of patients belonged to the >50 age group, this being significant, due to more prevalence of comorbid factors in the older age group.
Older age people >60 had 21.62% while < 60 had 4.83% mortality rate. The main causes for laparotomy leading to surgery were Perforation 45% (prepyloric 8%, first part of duodenum 21% and ileal 16%), obstruction 23% and malignancy 15%.
Perforation repair was the most common procedure done accounting for 31% with feeding jejunostomy in 2 cases followed by ileostomy or colostomy 23% and resection anastomosis 16%.
The Table 2 shows us the increasing trend of morbidity and death as patients physiological score keeps increasing. Patients having physiological score <25 were alive 100% while those having physiological score >25, 60% were found to be alive and 40% died. It also shows the increasing trend of morbidity and death as patients operative score keeps increasing. Patients having physiological score <15 were alive 98.5% while those having physiological score >15, 68% were found to be alive and 32% died. The common complications are chest infections (18%) due to COPD, Old age and smoking history, PUO (15%) due to Foley's catheters, wound and drain related sites, followed by wound infection (14%) which may be attributed to anemia, malnutrition, peritoneal contamination. Major complications like hypotension (12%), septicemia (9.5%), AKI (9%) were also noted in patients with morbidity score >40%.
Significance of P-POSSUM scores for morbidity
The Table 4 shows the relationship between the observed and expected morbidity rates which was found to be closer to 1.00 above 40%. The overall O: E ratio was 0.76 which is closer to 1.00 which concludes that P-POSSUM over predicts morbidity but only with small margin and with a p>0.05 it indicates good levels of specificity and sensitivity.
The observed complications were 41 (41%) whereas the predicted deaths were 54 (54%), suggesting the P-POSSUM scoring was over predicting morbidity with p=0.089 which is not significantly different.
Significance of P-POSSUM scores for mortality
 P=0.59 (NS)  Sensitivity 98%, specificity 100%  PPV 85%, NPV 100%. The Table 4 shows the relationship between the observed and expected mortality rates which was found to be closer to 1.00 above 40%. The overall O: E ratio was 0.85 which is closer to 1.00 which concludes that P-POSSUM over predicts mortality but only with small margin and with a p>0.05 it indicates good levels of specificity and sensitivity.
The observed deaths were 11 (11%) whereas the Predicted deaths were 13 (13%), suggesting the P-POSSUM scoring was over predicting mortality with p=0.59 which is not significantly different. shows that the predicted mortality rates were almost parallel to the observed mortality rates for mortality rates above 40% which strengthens the predictive power of P-POSSUM scoring.
Figure 5: Mortality in emergency (RP versus RNP)
groups.
The Figure 5 shows us that out of 52 patients who were resuscitated 94% were alive, 6% died and out of 18 patients who were not able to be resuscitated adequately and whose systemic injury were not able to be reversed 54% were alive, 44% died.
On comparison with chi square test it was found the result was statistically significant with [χ2=12.322, d.f=1, p=0.0002 (HS)].
DISCUSSION
The importance of surgical audit has increased over the past years both as a means of assessing the quality of surgical care and as an educational process. In a developing nation like India, where the general condition of the patients is poor and has a high incidence of anaemia, apart from malnutrition due to poverty and delayed presentation due to ignorance leading to an increased number of death rates and complications. The use of P-POSSUM scoring system can identify those patients who are at increased risk of death or complications.
P-POSSUM on mortality
In our study the validity of P-POSSUM scoring system in 100 patients undergoing laparotomy was assessed by comparing the observed and expected mortality and morbidity rates. 11 patients died; a crude mortality rate of 11%. The most common cause of mortality was septicaemia.
Copeland has applied POSSUM for comparative audit in 344 patients undergoing reconstructive vascular surgery to assess its efficiency in a comparative audit between 2 units. Estimated mortality rates were 10.2% for unit A (observed 9.4%) and 20.2% for unit B (observed 20.2%).
Using ROC curves they proved that there was no statistically significant difference between the 2 units. 3 Prytherch obtained similar results of overall mortality rate of 19.1%. P-POSSUM predicted mortality rate in our study was 13%. On analysis we found no statistical difference between observed and expected mortality rate (p = 0.59). An O:E ratio of 0.85 was obtained in our study and similar finding was obtained by Prytherach (O:E =0.9). 4 Sagar reported the observed mortality rate in major hepatectomy 6.6% and POSSUM system over predicted mortality (14.2%). The mortality rate predicted by P-POSSUM was 4.2%. This shows P-POSSUM is more accurate with (O:E = 0.87). 5 Tekkis reported that in esophagogastric surgery a total of 505 consecutive patients undergoing major gastrointestinal surgeries (elective 66.1%, emergency 33.9%) were analyzed. Observed mortality rate was 56 deaths. Using P-POSSUM, the expected rate was 57 (χ 2 test=3.34, p=0.51). 6 Sutton reported the observed mortality rate 8.4% while mean mortality predicted by SRS (surgical risk score), POSSUM and P-POSSUM were 5.9, 12.6, and 7.3% respectively. This shows P-POSSUM is more accurate. 7 Wakabayashi reported that in elective digestive surgery, the POSSUM system can be useful in the risk assessment for surgery in elderly patients. 8
P-POSSUM on morbidity
In our study out of 89 patients who survived, 30 patients suffered complications and the remaining 59 patients did not show any evidence of complications. An observed to expected ratio (O:E) of 0.76 was obtained and there was no significant difference between the predicted and observed values (p=0.089).
The mean total P-POSSUM score of the study was 18.76. The mean total score of the mortality group was 64.91 whereas for survival group was 7.15. There was a significant statistical difference between the two groups; p<0.01. This shows that patients with total P-POSSUM score more than 18.76 in our study had an increase in mortality.
Using logistic equations, positive predictive value was 85%, negative predictive value 100%, sensitivity 98% and specificity 100% for mortality. For morbidity, the positive predictive value was 76%, negative predictive value 100%, sensitivity 78% and specificity 100%.
Similar studies were done by Sagar to compare adverse outcomes, following colorectal resection in 438 patients among 5 surgeons. While crude mortality rates varied from 5.6% to 6.9% and morbidity rates between 13.6% and 30.06%, risk adjusted analysis using POSSUM showed no statistically significant difference and the overall observed to expected ratio for mortality was found to be 0.87 and for morbidity, it was 0.97. This shows that POSSUM can be used for meaningful comparison of individual surgeon's efficiency as it is a good predictor of adverse outcomes. 5 Mohil used POSSUM for predicting the adverse outcome rates in patients undergoing emergency laparotomy. 120 patients who underwent emergency laparotomy at Safdurjung Hospital, Delhi, were studied to assess the applicability in their setup. 16 patients (13.3%) died within 30 days of surgery and 62 (51.7%) had complications. An analysis, they found an O:E ratio of 0.62 for mortality (χ 2 =10.71, p=0.148). 9 On analysis of risk factors, statistically significant factors for mortality were respiratory system, blood pressure, Glasgow coma scale, serum sodium, and serum potassium, peritoneal contamination, total blood loss, presence of malignancy and mode of surgery amongst the P-POSSUM scoring system factors.
In our study two risk factors were separately validated that affect the mortality significantly in patients with laparotomy -operation time and presence of co-morbid status (diabetes, hypertension, obesity, metabolic syndrome). A statistical significance was established with these factors.
Hence, strict vigilance and prompt correction of these factors can improve the general condition of the patient and decrease the mortality and morbidity.
If these findings can be validated in a larger set of data including all types of surgeries, it may be possible to look into the reasons that might have caused this increase in mortality and undertake the appropriate corrective measures to prevent similar occurrences in the future, hence contributing ultimately to the improvement in the quality of health care provided.
Parihar in an effort to reduce the over prediction in low risk general surgical patients. They validated P-POSSUM over predicts mortality in some low risk patients (predicted risk of mortality <10% and predicted risk of morbidity <40%). A correction factor of 0.257 for mortality and 0.619 for morbidity for P-POSSUM was obtained as correlation coefficient for low risk group. 10 But on comparing patients who were resuscitated successfully before surgery with those who were not able to be resuscitated we found that patients who were resuscitated successfully had better prognosis than patients who were not able to be resuscitated with mortality rate of 5.7% and 44% respectively and morbidity rate of 59% and 87%.
This proves that pre-op resuscitation of the patient and the improved quality of care during pre-op, intra-op and post-op periods care followed in our setup resulted in decreased mortality and morbidity rates than predicted by P-POSSUM. The protocols followed in our institution were as follows, 
Management of the emergency laparotomy patient: a practical guideline
CONCLUSION
Our study suggests that P-POSSUM is an accurate scoring system for predicting post-operative adverse outcome among patients undergoing major general surgeries.
All the studied risk factors were found to have a positive rate of increment of deaths with higher scores. Hence adequate and prompt correction of these factors before surgery could decrease the mortality rate.
Using P-POSSUM, pre-operative counseling to care takers, pre-optimization in high risk patients can be evaluated, determining operative risk, choosing the nature of surgery (damage control vs. definitive procedure), selecting patients for intensive care, implementing corrective measures groups thereby improving results, with targeted interventions improving quality of care and cost reduction.
Successful resuscitation of patients and halting further systemic injury before surgery greatly reduces mortality and morbidity.
Our study shows that even though P-POSSUM over predicts mortality in some low risk patients, with sensitivity of 98% and specificity of 100% for mortality this system can be applied for the surgical audit in our setup.
